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Description 

[0001] This invention relates to a digital mobile radio 
communication system, and more particularly to, a sys- 
tem using CDMA (Code Division Multiple Access) for the 5 
communication of a down line (link) between a base sta- 
tion and a mobile station selected among plural mobile 
station and TDM A (Time Division Multiple Access) for 
the communication of a up line (link) therebetween. 
[0002] In a conventional digital radio communication to 
system, the TDMA method is used for the both commu- 
nications of down and up lines between a base station 
and a mobile station selected from a plurality of mobile 
stations. The base station comprises a TDMA transmit- 
ter, a TDMA receiver, and a timing generator, and the *5 
mobile station comprises a TDMA receiver and a TDMA 
transmitter. 

[0003] In operation, the timing generator of the base 
station generates a timing signal defining frames, and 
the TDMA transmitter of the base station transmits a 20 
high frequency transmitting signal having, for instance, 
six slots (bursts) to provide six channels via the down 
line to the mobile station, so that the TDMA receiver of 
the mobile station receives the burst signal correspond- 
ing to, for instance, the channel 2 in the transmitted high 25 
frequency signal, and the TDMA transmitter of the mo- 
bile station transmits a high frequency transmitting sig- 
nal corresponding to the channel 2 at a specified time 
via the up line to the base station, after the TDMA re- 
ceiver of the mobile station receives the transmitted sig- 30 
nal. Then, the TDMA receiver of the base station re- 
ceives the signal of the channel 2 transmitted from the 
base station at this specified time. In this operation, the 
synchronism is set up in accordance with the relation 
between the timing signal and the specified time. 35 
[0004] In the conventional digital radio communica- 
tion system, the synchronism in the communication be- 
tween the base and mobile stations may be set up by 
using a method described in the Japanese Patent Kokai 
Nos. 64-84927 and 1-181336. In such a method, a 40 
transmitting time is controlled by calculating a commu- 
nication distance between base and mobile stations, or 
in accordance with a time, at which a unique key word 
included in a received burst signal is detected. 
[0005] Recently, the CDMA method utilizing spread 45 
spectrum technology is practically used in place of the 
TDMA method in digital mobile radio communication 
system. In this CDMA method, channels are defined by 
plural spread spectrum codes having no correlation with 
each other so 
[0006] In case where this CDMA method is used for 
a down line, in which radio communication is carried out 
with complete synchronism, there are expected advan- 
tages set out below: 

55 

(a) it is possible to demodulate a received signal in 
a mobile station without interference among chan- 
nels, and 
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(b) the influence of multi-path fading is neglected 
substantially. 

[0007] In case where the CDMA method is used for a 
up line, however, there are expected disadvantages set 
out below: 

(a) the difference occurs in electric field strengths 
of received signals from mobile stations, because 
the distance between the base station and each se- 
lected mobile station among a plurality of mobile 
stations is different, so that communication is dete- 
riorated between the base station and a mobile sta- 
tion having a long distance therefrom, although this 
is avoided by precisely controlling a transmitting 
power in the mobile station, and 

(b) there is difference in times, at which transmitting 
signals from mobile stations are received in the 
base station, so that it is difficult to set up the syn- 
chronism of spread spectrum code signals, thereby 
necessitating a complicated demodulation method. 

[0008] In accordance with this study, it is considered 
that a mixed type of a digital mobile communication sys- 
tem in which the CDMA method is used for a down line, 
and the TDMA method is used for a up line is adopted 
to overcome the above disadvantages. » v 

[0009] In the mixed type of a digital mobile radio^com- 
munication system, however, there is a disadvantaged 
that a question as to how a timing for transmission of a 
transmitting burst signal of the TDMA method in a mo- 
bile station is determined is raised, because it is difficult 
for the mobile station to determine the timing by receiv- 
ing a transmitted signal which is continuous in regard to 
time in the CDMA method. 

[0010] EP 0 211 460 A relates to a communication 
method of using CDMA in the communication from a 
base station to a terminal and TDMA in the communica- 
tion from the terminal to the base station. The base sta- 
tion comprises a CDMA transmitter for transmitting a 
spread spectrum signal, and a timing generator for gen- 
erating a base station timing signal. Each mobile station 
comprises a CDMA receiver for receiving said spread 
spectrum signal via a down line from that base station. 
The CDMA receiver comprises means for generating a 
mobile station timing signal in accordance with the de- 
spread spectrum signal obtained from said spread spec- 
trum signal received in said CDMA receiver. 
[0011] In patent abstracts of Japan Vol. 017 no. 202 
(E-1353), 20 April 1993 & JP 04 344729 A a communi- 
cation method is described in which both stations use 
TDD in transmitting spread spectrum signals. 
[0012] Accordingly, it is an object of the invention to 
provide mixed type of a digital mobile radio communi- 
cation system in which the synchronism of a TDMA burst 
transmitting signal for a up line can be set up without 
adding any synchronous signal to a CDMA signal trans- 
mitted from a base station. 
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[001 3] According to the invention, a digital mobile ra- 
dio communication system is provided as defined in the 
claim. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 

[0014] The invention will be explained in more de- 
tailed in conjunction with appended drawings, wherein: 

Fig. 1 is a block diagram showing a conventional 1 o 
digital mobile radio communication system using 
the TDMA method for both up and down lines, 
Fig. 2 is a timing chart showing operation in the con- 
ventional system shown in Fig. 1 , 
Fig. 3 is a block diagram showing digital mobile ra- *5 
dio communication system in a preferred embodi- 
ment according to the invention, and 
Fig. 4 is a timing chart showing operation in the sys- 
tem of the preferred embodiment. 

20 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 5] Before explaining the digital mobile radio com- 
munication system of the preferred embodiment, the 25 
conventional digital mobile radio communication system 
will be again explained in Fig. 1. / ., 

[0016] Big. 1 shows the conventional digital radio 
communication system which comprises a base (fixed)- j > 
station 1.01 and a mobile station 102 connected by radio 3Q 
up , and down lines. The base station 101 comprises a 
TDMA receiver 5, a TDMA transmitter 7, a timing gen- 
erator 9, and antennas 51 and 53, and the mobile station 1 
102 comprises a TDMA transmitter 6, a TDMA receiver 
8, and antennas 52 and 54. 35 
[001 7] In operation, a timing signal 14 having a frame 
for a TDMA is generated in the timing generator of the 
base station 101 (Fig. 2(a)). In synchronism with the tim- 
ing signal 14, a transmitting burst signal 118 having six 
bursts (slots) for six TDMA channels CH1 to CH6 is gen- 40 
erated in the TDMA transmitter 7 of the base station 101 
(Fig. 2(b)), and transmitted via the radio down line hav- 
ing the antennas 53 and 54 to the mobile station 102, 
so that, for instance, one burst for the channel CH2 of 
the burst signal 118 is accessed to be received in the 45 
TDMA receiver 8 of the mobile station 102 as a mobile 
station received signal 124 (Fig. 2(c)). Thus, the syn- 
chronism is set up between the base and mobile stations 
101 and 102. Then, the TDMA transmitter 6 of the mo- 
bile station 102 generates a transmitting burst signal so 
131 in the TDMA channel CH2 to be transmitted via the 
radio up having the antennas 52 and 51 to the base sta- 
tion 101 on the basis of a prescribed time T S1 (Fig. 2 
(d)). In the base station 101, the TDMA receiver 5 re- 
ceives a transmitted burst signal 132 correctly in the 55 
channel CH2 in synchronism with the timing signal from 
the timing generator 9 in consideration of a prescribed 
time T s2 (Fig. 2(e)). 



[001 8] In the base station 1 01 , data 34 to be transmit- 
ted to the mobile station 102 is modulated in the TDMA 
transmitter 7, while data 33 is obtained by demodulating 
the received burst signal 1 32 in the TDMA receiver 5. In 
the same manner, data 29 is obtained by demodulating 
the received burst signal 124 in the TDMA receiver 8 in 
the mobile station 102, while data 30 to be transmitted 
to the base station 101 is modulated in the TDMA trans- 
mitter 6 to provide the transmitting burst signal 131 . 
[0019] Next, a digital mobile radio communication 
system which is of the aforementioned mixed type in a 
preferred embodiment according to the invention will be 
explained in Figs. 3 and 4. 

[0020] Fig. 3 shows the digital mobile radio commu- 
nication system which comprises a base station 1 com- 
prising a CDMA transmitter 3, a TDMA receiver, and a 
timing generator 9, and a mobile station 2 comprising a 
CDMA receiver 4 and a TDMA transmitter 6. 
[0021] The CDMA transmitter 3 of the base station 1 
comprises an encoder 10 for generating a code signal 
16 by encoding a base station transmitting data signal 
34, a multiplier 11 for generating a spread spectrum sig- 
nal 17 by spectrum-spreading the code signal 16, a RF 
modulator 12 for modulating a high frequency signal by 
the spread spectrum signal 17 to provide a base station 
high frequency transmitting signal 18, and a spread 
spectrum code (pseudo noise) generator 13 for gener- 
ating a spread spectrum code signal 15 to be used in 
the execution of spread spectrum by the multiplier s 
[0022] The; CDMA receiver 4 of the mobile station 2 
comprises a RF demodulator 19 for demodulating a mo- 
bile station received high frequency signal 24 based on 
the base station transmitting high frequency signal' 18 
to generate a demodulated signal 25, a multiplier 20 for 
generating a despread spectrum signal 26 by spectrum- 
despreading the demodulated signal 25, a decoder 22 
for decoding the despread spectrum signal 26 to gener- 
ate a mobile station received data signal 26, a despread 
spectrum code (pseudo noise) generator 21 for gener- 
ating a despread spectrum code signal 27 to be used in 
the execution of despread spectrum, and a timing sam- 
ple circuit 23 for generating a mobile station timing sig- 
nal 28 to optimize timing in operation of the despread 
spectrum code generator 21 . 

[0023] In operation, the base station transmitting data 
signal 34 is supplied to the encoder 10 of the CDMA 
transmitter 3 in the base station 1, and the code signal 
16 is generated therein. The timing generator 9 gener- 
ates a timing signal 14 (Fig. 4(a)) to be supplied to the 
spread spectrum code generator 13 in the base station 
1. In accordance with the supply of the timing signal 14, 
the spread spectrum code generator 1 3 generates a pe- 
riodical spread spectrum code signal 15 (Fig. 4(b)). The 
code signal 16 from the encoder 10 is supplied to the 
multiplier 11 to be the spread spectrum signal 17, by 
which a high frequency signal is modulated in the RF 
modulator 12 to provide the base station high frequency 
transmitting signal 1 8 of a continuous electric wave hav- 
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ing no period (Fig. 4(c)). 

[0024] In the mobile station, the transmitting signal 1 8 
is received via the down line including antennas 53 and 
54 by the RF demodulator 19, from which the demodu- 
lator signal 25 is supplied to the multiplier 20. Thus, the 5 
despread spectrum operation is carried out therein in 
accordance with the despread spectrum code signal 27 
(Fig. 4(d)) from the despread spectrum code generator 
21 , so that the despread spectrum signal 26 is obtained 
to be supplied to the decoder 22, in which the decoding w 
of the despread spectrum signal 26 is carried out to pro- 
vide a mobile station received data signal 29. 
[0025] A portion of the despread spectrum signal 26 
is supplied to the timing sample circuit 23, in which a 
mobile station timing signal 28 (Fig. 4(e)) is determined is 
in timing to optimize timing in operation of the despread 
spectrum code generator 21. 

[0026] In the timing sample circuit 23, the despread 
spectrum signal 26 supplied from the multiplier 20 is 
checked as to whether a code signal is correctly ob- 20 
tained by changing the delay time of the despread spec- 
trum code signal 27, so that the timing of the mobile sta- 
tion timing signal 28 is determined. That is, the spread 
spectrum signal 17 is generated in the base station by 
the multiplication of the encoded data signal 1 6 and the 25 
spread spectrum code signal (PN) 1 5 as defined below. 

(SIGNAL 16] x [PN 15] = [SIGNAL 17] 

'• :< ' : . 30 

[0027] The despread spectrum signal 26 equal to the 
encoded: data signal 16 is obtained in the mobile station a 
2 by the multiplication of the demodulated signal 25 j 
equal to the spread spectrum signal 17 and the de- 
spread spectrum code signal (PN) 27 equal to the 3S 
spread spectrum code signal (PN) 15 as defined below. 

[SIGNAL 25] x [PN 27] = [SIGNAL 26] 

40 

[0028] Here, if the generation timing of the PN 27 is 
controlled to be synchronous with the signal 25 by the 
timing sample circuit 23, the encoded data signal is ob- 
tained in the despread spectrum signal 26, because the 
multiplication result of the PN 17 and the PN 27 be- 45 
comes 1. 

[0029] Thus, the mobile station timing signal 28 is de- 
termined in timing in accordance with the delay time 
(Fig- 4(d) and Fig. 4(e)). The mobile station timing signal 
28 thus determined is also supplied to the TDMA trans- so 
mitter 6, in which a mobile station high frequency trans- 
mitting signal 131 (Fig. 4(f)) is generated in the elapse 
of a time T S1 prescribed in the system from the timing 
of the mobile station timing signal 28, and is transmitted 
via the down up line including antennas 52 and 51 to the 55 
base station 1 . Thus, the high frequency transmitted sig- 
nal 132 (Fig. 4(g)) is received in the TDMA receiver 5 of 
the base station 1 , wherein the synchronism is set up in 



accordance with the base station timing signal 14 and 
a time T S2 prescribed in the system. 
[0030] Although the invention has been described 
with respect to specific embodiment for complete and 
clear disclosure, the appended claims are not to be thus 
limited but are to be construed as embodying all modi- 
fication and alternative constructions that may be occur 
to one skilled in the art which fairly fall within the basic 
teaching here is set forth. 



Claims 

1. A digital mobile radio communication system, com- 
prising: 

a base station ( 1 ) comprising a CDMA transmit- 
ter (3) for transmitting a spread spectrum sig- 
nal, a TDMA receiver (5) for receiving a TDMA 
transmitted signal, and a timing generator (9) 
for generating a base station timing signal; and 
a plurality of mobile stations (2) each coupled 
via a down link and an up link to said base sta- 
tion (1), each of said mobile stations (2) com- 
prising a CDMA receiver (4) for receiving said 
spread spectrum signal via said down link from 
■' - said base/station (1), a TDMA transmitter (6) 
^ for transmitting a TDMA transmitting signal via 
! . said up link to said base station (1); 

wherein said CDMA receiver (4) comprises 
means (23) for generating a mobile station timing . 
signal (28) in accordance with a despread spectrum 
signal (26) obtained from said spread spectrum sig- 
nal received in said CDMA receiver (4); 

wherein said TDMA transmitter (6) operates 
synchronously with said mobile station timing signal 
(28), 

wherein: 

said CDMA transmitter (3) comprises an en- 
coder (10) for encoding a transmitting data (34) 
to provide a transmitting code signal (16), 
means (13) for generating a periodical spread 
spectrum code signal (15) in accordance with 
the base station timing signal (14), a multiplier 
(1 1 ) for multiplying said transmitting code signal 
(16) and said spread spectrum code signal (15) 
to provide said spread spectrum signal (17), 
and a RF modulator (12) for modulating a high 
frequency signal by said spread spectrum sig- 
nal (17) to provide a base station high frequen- 
cy transmitting signal (18); and 
said CDMA receiver comprises a RF demodu- 
lator (19) for demodulating a mobile station re- 
ceived signal (24) obtained by receiving said 
base station high frequency transmitting signal 
(18) to provide a demodulated signal (25), 
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means (21) for generating a despread spec- 
trum code signal (27), a multiplier (20) for mul- 
tiplying said demodulated signal (25) and said 
despread spectrum code signal (27) to provide 
a despread spectrum signal (26), and a decod- 5 
er (22) for decoding said despread spectrum 
signal (26) to provide a received data (29), said 
despread spectrum code signal generating 
means (21) being controlled in signal generat- 
ing timing by said mobile station timing signal 10 
(28), wherein the timing of the despread spec- 
trum code signal (27) is controlled to be syn- 
chronous with the demodulated signal (25) and 
the mobile station timing signal (28) is deter- 
mined in accordance with the delay time of said 15 
despread spectrum code signal (27). 

Patentanspruche 

20 

1. Digitales Mobilfunksystem mit: 

einer Basisstation (1 ) mit einem CDMA-Sender 
(3) zum Ubertragen eines Spread Spectrum Si- 
gnals, einem TDMA-Empfanger (5) zum Emp- 25 
fangen eines TDMA-Sendesignals und einem 
Taktgenerator (9) zum Erzeugen eines Basis- 
station-Taktsignals; und 
mehreren Mobilstationen (2), die jeweils Ober 
einen Downlink und einen Uplink mit der Basis- 30 
station (1) verbunden sind, wobei jede der Mo- 
bilstationen (2) einen CDMA-Empfanger (4) 
zum Empfangen des Spread Spectrum Signals 
Ober den Downlink von der Basisstation (1 ) und 
einen TDMA-Sender (6) zum Ubertragen eines 35 
TDMA-Sendesignals uber den Uplink zur Ba- 
sisstation (1) aufweist; 

wobei der CDMA-Empfanger (4) eine Einrich- 
tung (23) zum Erzeugen eines Mobilstation-Taktsi- 40 
gnals (28) gemafi einem Despread Spectrum Si- 
gnal (26) aufweist, das vom im CDMA-Empfanger 
(4) empfangenen Spread Spectrum Signal erhalten 
wird; 

wobei der TDMA-Sender (6) synchron mit 45 
dem Mobilstation-Taktsignal (28) betrieben wird; 

wobei der CDMA-Sender (3) aufweist: einen 
Codierer (10) zum Codieren von Sendedaten (34), 
urn ein Sendecodesignal (16) bereitzustellen, eine 
Einrichtung (13) zum Erzeugen eines periodischen 50 
Spread Spectrum Code Signals (15) gemali dem 
Basisstation-Taktsignal (14), einen Multiplizierer 
(11) zum Multiplizieren des Sendecodesignals (16) 
mit dem Spread Spectrum Code Signal (15), urn 
das Spread Spectrum Signal (17) bereitzustellen, 55 
und einen HF-Modulator(12)zum Modulieren eines 
HF-Signals durch das Spread Spectrum Signal 
(17), urn ein HF-Sendesignal (18) der Basisstation 



bereitzustellen; und 

wobei der CDMA-Empfanger aufweist: einen 
HF-Demodulator (19) zum Demodulieren eines 
Empfangssignals (24) einer Mobilstation, das durch 
Empfangen des HF-Sendesignals (18) der Basis- 
station erhalten wird, urn ein demoduliertes Signal 
(25) bereitzustellen, eine Einrichtung (21) zum Er- 
zeugen eines Despread Spectrum Code Signals 
(27), einen Multiplizierer(20) zum Multiplizieren des 
demodulierten Signals (25) mit dem Despread 
Spectrum Code Signal (27), urn ein Despread 
Spectrum Signal (26) bereitzustellen, und einen 
Decodierer (22) zum Decodieren des Despread 
Spectrum Signals (26). urn Empfangsdaten (29) be- 
reitzustellen, wobei die Einrichtung (21) zum Erzeu- 
gen eines Despread Spectrum Code Signals be- 
zuglich einem Signalerzeugungszeitpunkt durch 
das Mobilstation-Taktsignal (28) gesteuert wird, wo- 
bei derZeitpunktdes Despread Spectrum Code Si- 
gnals (27) so gesteuert wird, dali es mit dem demo- 
dulierten Signal (25) synchron ist, und wobei das 
Mobilstation-Taktsignal (28) gemafi der Verzoge- 
rungszeit des Despread Spectrum Code Signals 
(27) bestimmt wird. 



Revendicationsr 

1. Systeme de radiocommunication mobile numeri- 
que, comportant : 

une station de base (1 J comportant un emetteur 
CDMA (3) pour emettre un signal a spectre eta- 
le, un recepteur TDMA (5) pour recevoir un si- 
gnal emis TDMA, et un generateur de caden- 
cement (9) pour generer un signal de cadence- 
ment de station de base, et 
une pluralite de stations mobiles (2), chacune 
couplee via une liaison descendante et une 
liaison montante a ladite station de base (1), 
chacune desdites stations mobiles (2) compor- 
tant un recepteur CDMA (4) pour recevoir ledit 
signal a spectre etale via ladite liaison descen- 
dante depuis ladite station de base (1), un 
emetteur TDMA (6) pour transmettre un signal 
de transmission TDMA via ladite liaison mon- 
tante vers ladite station de base (1), 

dans lequel ledit recepteur CDMA (4) compor- 
te des moyens (23) pour generer un signal de ca- 
dencement de station mobile (28) conformement a 
un signal a spectre non-etale (26) obtenu a partir 
dudit signal a spectre etale recu dans ledit recep- 
teur CDMA (4), 

dans lequel ledit emetteur TDMA (6) fonction- 
ne de maniere synchrone avec ledit signal de ca- 
dencement de station mobile (28), 

dans lequel 
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'edit emetteur CDMA (3) comporte un codeur 
(10) pour coder des donnees de transmission (34) 
afin de fournir un signal de code de transmission 
(16), des moyens (13) pour generer un signal de 
code a spectre etale periodique (15) conformement 5 
au signal de cadencement de station de base (14), 
un multiplicateur (11) pour multiplier ledit signal de 
code de transmission (16) et ledit signal de code a 
spectre etale (15) pour delivrer ledit signal a spectre 
etale (17), et un modulateur RF (12) pour moduler 10 
un signal a haute frequence par ledit signal a spec- 
tre etale (17) afin de delivrer un signal de transmis- 
sion a haute frequence de station de base (18), et 

ledit recepteur CDMA comporte un demodu- 
lates RF (19) pour demoduler un signal recu de *5 
station mobile (24) obtenu en recevant ledit signal 
de transmission a haute frequence de station de ba- 
se (18) afin de delivrer un signal demodule (25), des 
moyens (21 ) pour generer un signal de code a spec- 
tre non-etale (27), un multiplicateur (20) pour mul- 20 
tiplier ledit signal demodule (25) et ledit signal de 
code a spectre non-etale (27) pour delivrer un si- 
gnal a spectre non-etale (26), et un decodeur (22) 
pour decoder ledit signal a spectre non-etale (26) 
afin de delivrer des donnees regues (29), iesdits 25 
moyens generateurs de signal de code a spectre 
non-etale (21) etant commandes en termes de ca- 
dencement de generation de signal par ledit signal 
de cadencement de station mobile (28), dans lequel 
le cadencement du signal de code a spectre non- 30 
etale (27) est commande pour etre synchrone au 
signal demodule (25) et !e signal de cadencement 
de station mobile (28) est determine conformement 
au temps de retard dudit signal de code a spectre 
non-etale (27). 35 
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